Chapter 33

A Maxillary Denture with Modified Occlusal Concepts Opposing an Implant Prosthesis

Carl E. Misch

Eighteen million Americans are completely edentulous, representing 10.5% of the adult population. In addition, 12 million (7% of the adult population) have no maxillary teeth opposing some mandibular natural teeth. Hence, 17% of the U.S. adult population is wearing a maxillary complete denture. Yet the average dentist spends less than 1% to 5% of his or her time treating edentulous patients.

Lack of stability and retention are the most frequent complaints related to complete removable prostheses. However, patients often think that the retention and stability of maxillary dentures are acceptable and that the mandibular denture pre​sents more problems. As a result, a common treatment plan for edentulous patients includes implants to support the mandibular restoration and a traditional soft tissue–supported maxillary denture1–3 (Figure 33-1). A maxillary complete denture may function as a satisfactory replacement for missing teeth for many completely edentulous patients. However, after a mandibular implant-supported restoration is fabricated, the patient becomes more aware of the lack of stability, support, and retention of the removable maxillary prosthesis.4,5
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FIGURE 33-1 A and B, A common treatment plan for a completely edentulous patient is a maxillary denture opposing a mandibular implant prosthesis. The mandibular prosthesis may be fixed (A) or an overdenture (B).

In many ways, the combination of a complete maxillary denture against a lower mandibular implant-supported prosthesis resembles a single complete maxillary denture opposing mandibular natural dentition. The rigid mandibular teeth make the maxillary prosthesis the least stable member of the dentition. In addition, the occlusal plane of the mandibular dentition is often variable and not ideal. This makes it even more difficult to obtain an ideal occlusal scheme to help stabilize the maxillary denture.
One may anticipate postinsertion complications of the removable maxillary restoration opposing a more rigid mandibular overdenture or fixed prosthesis. The patient complains of soft tissue sore spots and maxillary denture instability. The sore spots under the maxillary denture result in part because patients with rigidly fixated implant prostheses are able to generate masticatory forces approaching that of natural teeth, but wearers of complete dentures have been shown to exert less than 25% of this force.6 The occlusal forces are also directed in a more consistent direction and location and even may lead to midline fracture of the denture.7 In addition, more recent reports indicate that a combination syndrome effect of the maxillary arch may be developing with associated alveolar bone resorption and soft tissue inflammation.8,9
Maxillary denture instability also becomes more noticeable to the patient because of the improved occlusal awareness and stability of the mandibular counterpart.7 Mandibular implant overdentures enhance proprioception and improve the consistency of mandibular closure position. A conventional soft tissue–borne complete removable mandibular prosthesis moves up to 10 mm during function, which may accommodate any prematurities or inaccuracies of occlusion.10 The patient is accustomed to the mandibular denture lifting up from the posterior ridge during mandibular excursions. The changes of making the mandibular implant prosthesis more stable predispose to the patient's awareness of maxillary denture instability (Box 33-1).

Box 33-1

Maxillary Denture Complications Opposing Implant Prostheses

1. Soft tissue sore spots

2. Accelerated premaxillary bone loss

3. Denture instability

Several modalities are available to improve the prognosis of the restoration on a compromised support area. Varied soft tissue impression techniques, altered occlusal schemes, and a broad range of removable prosthetic concepts show improvement of the final restoration when opposing a stable implant-supported prosthesis. Unfortunately, many patients rely solely on denture adhesive to improve retention of the prosthesis. The inconsistent fit, need for recurrent applications, and poor taste are often consequences (Figure 33-2).
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FIGURE 33-2 Denture adhesive is often used as the primary way to improve retention when a maxillary denture opposes an implant prosthesis.

Many textbooks have been written describing the steps and fabrication of a maxillary denture, and complete guidelines are beyond the scope of this chapter. However, specific elements are discussed.

To minimize maxillary denture complications when opposing a mandibular implant restoration, the dentist can implement several concepts. These concepts include preprosthetic surgery to improve the maxillary ridge anatomy and prosthetic approaches specifically tailored to address these problems, raising the posterior occlusal plane (compared with conventional denture concepts), restoring the occlusal vertical dimension (OVD), placing the maxillary and mandibular posterior teeth more medial, and establishing bilateral balanced occlusion in the final restoration11–14 (Box 33-2). The purpose of this chapter is to highlight these areas of special concern when fabricating a maxillary denture opposing an implant-supported restoration.

Box 33-2

Maxillary Denture Opposing Implant Prostheses

1. Prosthetic surgery of maxillary arch

2. Raise posterior plane of occlusion

3. Restore occlusal vertical dimension

4. Position posterior teeth in medial-positioned lingualized occlusion

5. Bilateral balanced occlusion

Maxillary Soft Tissue Evaluation

A successful restoration with a soft tissue–supported removable prosthesis depends on several conditions. However, the anatomy of the edentulous arch foundation is the primary criterion for prosthesis support and stability.

The dentist may evaluate dentures for support, stability, retention, esthetics, masticatory efficiency, speech, extension, and occlusion. Support of a maxillary denture is determined from the resistance of the denture to a vertical force direction applied to the denture. The crest of the residual ridge and the overlying tissue is the region most responsible for support.15,16
The foundation of the maxillary denture is bone, the overlying submucosa, and the mucosa. The blood vessels and nerves are located in the submucosa and bony architecture. Denture support for a maxillary denture primarily corresponds to the regions where fibrous connective tissue is attached firmly to bone, namely, the edentulous ridge.16 The dentist rarely can exploit the concept of placing teeth over the residual crest to improve support in the anterior region because the resorption process has brought the ridge palatal to the ideal denture tooth position.

Contrary to popular belief, the palate of the maxilla is not a primary support region for a maxillary denture or implant overdenture.16 Whereas the tissues over the midpalatal suture are usually thin and nonmobile, the surrounding mucosa can be displaced under minimal pressure. The denture base can be relieved selectively in this region to prevent it from acting as a fulcrum, with resultant instability and soreness when vertical forces are transmitted through the maxillary prosthesis. The maxillary denture opposing an implant-supported restoration is subjected to greater forces, and the dentist should consider generous relief of this area to prevent soft tissue trauma. The midpalatal area is a relief zone because the overlying tissues are thin compared with the rest of the maxilla.

The dentist also should provide denture relief to the incisive papilla region to prevent compression of the associated blood vessels and nerves during function. This may eliminate a burning sensation during function from compression of this tissue, especially under the increased bite forces from a mandibular implant prosthesis.

The posterior aspect of the hard palate is an area of secondary retention, not support.15,16 The submucosa is rich in mucous glands and blood vessels, granting greater resiliency under vertical forces. This region is loaded in a lesser amount by the denture compared with the crest of the ridge or premaxilla (Figure 33-3).
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FIGURE 33-3 The primary support region for a maxillary denture is the firm, keratinized mucosa of the edentulous ridge. The secondary support area is the palatal aspect of the premaxilla, which resists the movement of the denture in all lateral excursions. The incisive papilla and midpalatal suture region is a relief zone for the denture, and the hard palate is a secondary relief area. (From Zarb GA, Bolender CL, Hickey JC, et al: Boucher's prosthodontic treatment for edentulous patients, ed 10, St Louis, 1990, Mosby.)
Retention is determined as resistance to a vertical incisal or occlusal force direction or pulling force applied to a denture. The valve seal of the periphery of the denture and the close approximation of the intaglio aspect of the denture are the important considerations for retention. Anatomical features that contribute to the performance of the maxillary denture may vary greatly, but the ability to maintain a border seal during function is much greater than with a mandibular denture and often compensates for other limiting retention factors.17,18
The maxillary tuberosities should be firm and located several millimeters superior to the plane of occlusion. Surgical removal of hyperplastic tissue is indicated. The hamular notch is located halfway between the maxillary tuberosity and the hamulus of the medial pterygoid plate. The posterior palatal seal is positioned through this area of loose connective tissue to improve tissue contact and retention. The pterygomandibular raphe attaches from the hamulus to the retromolar pad and should not be impinged on. The posterior limit of the prosthesis is correlated with the soft palate vibrating line, which is more an area than a definite line.15,16
Stability of the denture is the resistance of movement to a lateral force applied to the denture. The vertical component of the residual ridge from the hard palate is primarily responsible for improving stability. The premaxillary segment of the edentulous maxilla is a most important structure to ensure stability of the prosthesis. The denture stability is compromised severely without a vertical component to the premaxilla.17 In addition, the rugae area of the premaxilla is the secondary stress-bearing region.15,16 This region also helps resist the forward movement of the denture during excursive mandibular movements. It is important to make the patient aware of the continued bone loss in the premaxilla under a denture. Unless implants are inserted to stimulate the bone, the bone loss is continuous, and the denture will become less stable.

The type and movement of the supporting tissue are also important parameters to consider in edentulous ridge correction. The soft tissues of the maxillary ridge should be firm to lateral forces to limit denture movement during occlusion. The amount of tissue movement over the bone can affect denture stability directly and cause soft tissue abrasions. If one observes excessive mobility of the anterior or posterior ridges, the dentist should consider soft tissue preprosthetic surgery. If the tissue is mobile, the denture cannot have stability to any lateral force.

The oral mucosa classically has been described as a movable, unattached, nonkeratinized mucosa or as a nonmobile, attached, keratinized mucosa. These two categories are oversimplified for denture support. Attached keratinized mucosa has been recognized to increase in thickness as a result of bone resorption, primarily in the anterior maxilla. This tissue thickness often exceeds several millimeters and becomes highly mobile. Although classified as attached gingiva, the tissue serves as a poor denture base (Figure 33-4). Likewise, unattached, nonkeratinized tissue may become thick and nonmobile tissue by interposing hydroxyapatite (HA) between the bone and periosteum. This tissue then can serve as an adequate denture-supporting base. Therefore, clinically relevant qualities of tissue for denture support relate to thickness and mobility, not necessarily to the histologic surface condition.
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FIGURE 33-4 Mobile keratinized mucosa serves as poor soft tissue support for a denture and should be corrected before the fabrication of a denture.

Hard Tissue Evaluation

Surgical techniques that can improve the support of a prosthesis in the maxilla include alveolar ridge augmentation. Autogenous bone grafts for ridge augmentation is a viable alternative in the atrophic maxilla if implants are placed shortly after the graft surgery. If the autogenous graft is used only for improved soft tissue support, as much as 90% of the grafted bone may resorb within 3 to 5 years after augmentation surgery.19 During the rapid resorption process, the soft tissue–supported denture needs repeated relining and rebasing procedures to maintain ridge contact. The resultant soft tissues become highly mobile and unsupported by the resorbing ridge. The patient often complains of recurrent soft tissue abrasions and of mobile, unstable, and poorly retentive prostheses. Hence, implants must be used to maintain the bone formed after a bone graft.

Dense nonresorbable HA used as a ridge augmentation material to enhance the denture support area has proved an adjunct in preprosthetic surgery in which implant placement is not part of the immediate future treatment plan.20 HA ridge augmentation can slow down the rate of ridge resorption. The dense material can bond to the cortical bone and increase the amount of denture support. Clinical experience demonstrates longer periods between relining the maxillary prosthesis after HA augmentations.21,22
The maxilla can be divided into three regions: the left and right posterior segments and the anterior segment. The posterior maxilla rarely requires ridge augmentation for improved ridge shape or contour. The tuberosity region usually maintains ridge form. The posterior palatal seal area of the denture does not depend primarily on the posterior ridge form. The posterior region is usually adequate to give lateral stability in the posterior region regardless of posterior ridge contour.

The bone anatomy of the premaxilla is primarily responsible for the varying degree of stability of maxillary dentures. After the loss of teeth, the bone first resorbs in width, and the incisive papilla eventually becomes the most anterior part of the edentulous ridge. The anterior limit of the papilla is usually 7 to 9 mm behind the incisal edge of the central incisors, and the anterior edentulous ridge is considerably diminished. The maxillary anterior teeth positions are dictated by esthetic and functional requirements. The more anterior and incisal position of the denture teeth from the underlying bone results in less denture stability during function.

The vertical component of the anterior maxilla is also the primary element that prevents anterior rotation of a complete removable maxillary prosthesis and loss of posterior value seal. Anterior forces commonly are generated against maxillary prostheses during mandibular excursions, especially during the anterior incision of food. During chewing, the bolus of food acts as a fulcrum for denture rotation (Figure 33-5). Therefore, the primary role of the premaxilla under function is to oppose denture dislodgment and improve the stability of the removable prosthesis.
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FIGURE 33-5 An important point is to maintain the height of the premaxilla for a denture wearer so as to stop the denture from rotating up in the front and down in the back during excursive movements that cause a break in the posterior valve seal and loss of retention. (Redrawn from Misch CE: Contemporary implant dentistry, ed 2, Mosby, 1999, St Louis.)
Hydroxyapatite Indications

The maxillary bone division A ridge usually has the height and width of bone to support, retain, and stabilize the prosthesis. On occasion, labial undercuts may compromise retention and increase soft tissue abrasions. As a result, the dentist may fill in labial undercut areas with HA to improve the ridge contour. The division B and C–w anterior ridges or class I and II ridges from the Kent et al. classification are suited ideally for HA ridge augmentation22 (Figure 33-6). The dentist may perform a vestibuloplasty in the same procedure to increase the height of the anterior ridge and further improve stability and retention (Figure 33-7). The patient wears a surgical stent for 10 to 14 days to support the graft and maintain the dimension gained with the vestibuloplasty.
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FIGURE 33-6 A hydroxyapatite graft may be used to convert mobile tissue into a firmer support and to square off the ridge form of division B to C minus width maxillary ridges.
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FIGURE 33-7 The augmented ridge from Figures 33-4 and 33-6 is firm and has parallel walls for improved denture support, retention, and stability.

The division D and C–h ridges are least suited for HA augmentation. Although these ridges are in greater need, the poor ridge form provides insufficient structure to resist future migration of the HA in the labial fold and may compromise long-term success.14
Hydroxyapatite ridge augmentation rarely is indicated for the mandibular arch. The mandibular denture moves up to 10 mm during function compared with about 2 mm of movement for the complete maxillary denture.10 Ridge augmentation alone does not provide enough improvement for successful mandibular denture support. In addition, sore spots are more common on the thinner, nonmobile tissues; migration of the augmentation material is of greater occurrence (especially in moderate to severely atrophic ridges) along with paresthesia of the mental nerve.23 Endosteal implants provide much greater support, retention, and stability for the mandibular denture. However, the maxillary edentulous arch and complete denture often can benefit from HA ridge augmentation.

Ridge Shape

In many instances, the incorrect assumption has been made that the larger the alveolar ridge, the better the retention and stability of the denture. The anatomical element most likely to change after HA augmentation is the ridge shape or form. As a result, many alveolar HA ridge augmentations have resulted in greatly increased ridge size but decreased retention and stability. One must appreciate the shape of the ridge in developing the relationships among retention, stability, and support criteria for a maxillary removable prosthesis.

Alveolar ridge shape may be classified related to retention. The ideal ridge form for retention has high, broad parallel walls that also improve lateral stability even if vertical displacement occurs. Therefore, retention and stability are affected by the lateral aspect of the ridge contour (Figure 33-8, A). A flat, atrophic ridge provides poor stability but improved support for a maxillary denture. The least stable ridge shape is the V-shaped ridge at an angle to the opposing force. This ridge shape is also poorest for retention and support (Figure 33-8, B).
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FIGURE 33-8 A, The ideal ridge form has high, broad, parallel walls that provide excellent retention, stability, and support. B, The least favorable ridge form is a V-shape ridge that provides reduced stability and support for the denture. A hydroxyapatite graft may square off the ridge form (dotted line) on the palatal aspect to improve the condition. (Redrawn from Misch CE: Contemporary implant dentistry, ed 2, St Louis, Mosby, 1999.)
The V-shaped ridge is a common ridge form resulting from HA ridge augmentation surgery, which oversizes the ridge at its base with the particulate HA. The ideal ridge is flat at the crest (and under the teeth) for support and has parallel walls on the ridge sides for retention and stability.15,16 Hence, ridge shape affects retention, support, and stability, and ridge form correction should be designed to provide an ideal ridge form (Figure 33-9).
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FIGURE 33-9 A, An atrophic ridge with a flat palate provides excellent prosthesis support and retention for a denture (solid line). B, A hydroxyapatite (HA) augmentation often converts this ridge form to a V-shape ridge (solid line) with reduced stability, support, and retention. The ideal HA graft should convert the ridge form to a broad, flat crest with parallel sides (dotted lines). (Redrawn from Misch CE: Contemporary implant dentistry, ed 2, St Louis, Mosby, 1999.)
The primary long-term goal of premaxillary HA augmentation is to achieve a square ridge shape that can sustain the increased masticatory forces developed by the opposing arch. Other benefits are a reduction of soft tissue movement, a decrease in the rate of bone resorption, and maintenance of the vertical component of the anterior ridge.

Maxillary Denture Impressions

Four methods may be used to improve the retention of a maxillary denture: (1) a valve seal that completely fills the vestibular border, (2) the extension of the posterior limit of the denture, (3) the accuracy of the intaglio aspect of the prosthesis, and (4) the design of the post dam.

The final impression tray should be 2 to 3 mm short of the peripheral vestibular tissues to provide space for border molding. Existing dentures should not be used as an impression tray because they are usually overextended in the labial vestibule because bone resorption has occurred since their initial delivery. Impression trays designed for teeth are overextended for complete denture impressions. Therefore, they should not be used even for preliminary impression to design the custom tray (Figure 33-10). The dentist may perform border molding procedures on the custom tray using polyether or compound, and each has some advantages (Figure 33-11). The peripheral seal designed from the border molding should completely fill the vestibular space to improve retention and decrease food impaction under the denture (Figure 33-12). Regardless, when the border molding procedure is completed, the maxillary custom tray should have good valve seal retention (before the final impression is made) (Figure 33-13). If not, the dentist should consider extending the posterior palatal seal position in the final impression and the denture. When the denture impression is poured in stone, it should be boxed so the peripheral border is reflected in the cast (Figure 33-14).
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FIGURE 33-10 A, An impression tray made for edentulous arches should be used for the preliminary impression (left). Impression trays designed for teeth (right) will overextend the peripheral borders of the impression. B, The alginate impression with an impression tray designed for edentulous maxillae will not overextend the borders.
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FIGURE 33-11 Border molding with polyether impression material injected into the vestibule ensures a complete capture of the region, which increases retention of the restoration.
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FIGURE 33-12 The periphery of the denture should fill the vestibule area completely to increase retention and decrease food impaction under the denture.
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FIGURE 33-13 The border-molded impression should have good retention before the making of the final impression. If not, the dentist should consider extending the posterior palatal seal position of the denture.
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FIGURE 33-14 A, The final denture impression is boxed so the peripheral border is captured in the cast. B, The model of the final impression includes the anatomy and thickness of the peripheral border.

The literature gives many methods to determine the extent of posterior palatal seal, and each one gives a slightly different position (Figure 33-15). One method has the patient hold the nose, close the mouth, and attempt to force air out at the same time. The palatal drape is pushed down from the hard palate and results in a posterior line for the extension of the denture. This technique results in a position farther anterior than the other methods. As such, this technique provides the least retention for the final prosthesis and is therefore limited to patients complaining of a gag reflex when the denture extends posteriorly too far.
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FIGURE 33-15 Many methods exist to determine the posterior palatal extension of a denture, and each gives a slightly different position (A to D). The farther posterior the extension, the better the retention. When the retention of the prosthesis is poor because of inadequate anatomy, saliva, and so on, the posterior extension may be placed beyond the traditional guidelines.

Another option to determine the posterior extent of the denture is to extend the palatal seal to the fovea palatinae. This results in an intermediate denture extension (Figure 33-16). In addition, these small openings off the midline are usually difficult to observe and therefore cannot be used routinely in a clinical setting.

[image: image16.jpg]



FIGURE 33-16 The positions of the fovea palatinae are usually difficult to identify and give an intermediate position of the posterior extent of a denture. The held-nose and forced-air technique gives the least extension of the denture (line across the palate).

A third technique to determine the posterior extent of a denture is to ask the patient to say, “Ah.” The “vibrating line” between the mobile soft tissue and the palate results in the most posterior position (Figure 33-15, position C). As such, this is the technique most often used to determine the posterior limits of the denture.

Some patients do not mind when the posterior limit of the denture extends beyond the vibrating line (Figure 33-15, position D). When valve seals are poor, the posterior extension of the maxillary denture may compensate and improve the overall retention. Hence, when resorption is moderate to advanced and other treatment modalities such as an implant overdenture are not considered, extension of the posterior limit of the denture beyond the vibrating line improves the retention of the prosthesis.

The third method to improve retention of a maxillary denture is related to the intaglio adaption of the denture. To improve the accuracy of fit for the intaglio aspect of the dentures and to protect the underlying bone, the tissue thickness should be at full thickness when the impressions are made. Kydd et al. demonstrated that maxillary soft tissues loaded for 10 minutes may be compressed to 60% of their original thickness and remain at 65% to 85% for extended periods, with 4 hours necessary for complete recovery.24 In an older patient, the recovery of tissue thickness after 10 minutes of compression may be 2 or more hours (Figure 33-17). Therefore, final denture impression and delivery follow certain guidelines.
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FIGURE 33-17 The tissue thickness should be in a full state when making the final impression (or when delivering the denture). When the tissue under a denture is compressed, it decreases in thickness by 40% to 50% when held in this position for 10 minutes; it may take more than 2 hours in an elderly patient to return to normal.26
A tissue conditioner can improve the tissue health and help obtain the final tissue thickness while the prosthesis is worn before making the final impression. The denture should be removed at least 4 hours before the final impression. This often means the appointment for the final impression should be in the early morning before the patient eats, and the patient should leave the prosthesis out the night before the appointment. As important, a similar routine is repeated on the day the denture is delivered. Otherwise, the soft tissue may be compressed, and the retention at initial delivery may prove to be less than ideal.

The adaption of the intaglio surface of the denture may also be improved by decreasing the amount of acrylic shrinkage during processing of the denture. The use of an injection-molded processing technique to minimize acrylic shrinkage and improve the fit and retention of the final denture is of benefit. The retention may also be improved by a post dam along the posterior limit of the prosthesis. The post dam is used to compensate for the shrinkage of acrylic during the processing of a denture.

The fourth aspect to improve maxillary denture retention is the post dam design. A common post dam design forms a hill, with the greatest height (depth to tissue) in the middle, and sloping posteriorly and anteriorly.15,16 This contour does not adequately reflect the anatomy of the soft tissue above the vibrating line. When the limit of the denture is established by saying, “Ah,” the anatomy of the soft palate directs the design of the post dam. Directly above the vibrating line is a muscle, which has the most flexibility. The muscle is attached to a tendon (with slightly less movement) that attaches to a hard palate covered by soft tissue that has the least movement (Figure 33-18). Therefore, the depth of the post dam should be greatest in the posterior area and then slant toward the tissue of the hard palate (Figure 33-19). The initial depth varies for each patient and is determined by depressing the area in the mouth with a mirror or blunt object.25
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FIGURE 33-18 In the posterior palatal seal region, the muscle layer corresponds to the vibrating line and is the most posterior and most mobile depressible layer. Anterior to this muscle is the muscle-to-tendon attachment (which moves less), then the tendon-to-bone attachment (which moves even less), and then bone of the hard palate (which does not move).
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FIGURE 33-19 The post dam in the denture often is made highest in the center and slopes down anteriorly and posteriorly (left bottom). An anatomically designed post dam is highest in the most posterior region and slopes forward (right bottom).
Maxillary Anterior Tooth Position

Several texts on denture fabrication state that the first step in the reconstruction is determining the OVD followed by the position of the lower anterior teeth.15,16,25,26 However, the maxillary anterior horizontal and vertical tooth positions should be evaluated before any other segment of the reconstruction, including the OVD.14 If the maxillary incisor edge is modified in either the horizontal or vertical plane, all other elements of the maxillary and mandibular prosthesis may also need to be changed. No other region of the mouth should be restored until this position is obtained because it negatively influences the proper position of every other segment (e.g., OVD, mandibular anterior tooth position, and posterior planes of occlusion).

The patient's existing maxillary complete denture often has the maxillary anterior tooth position incorrect. The resorption of the premaxilla causes the denture to shift apically and posteriorly following the bone loss pattern. A base plate and wax rim first evaluates the position of the maxillary anterior teeth. At this point, the evaluation is not for the cosmetic aspects of tooth color or shape, but tooth position is scrutinized. After this is determined, the maxillary occlusal plane, OVD, mandibular incisive edge position, posterior mandibular teeth, and last the maxillary posterior teeth are determined (Box 33-3). Arch relationships are often affected by resorption patterns in edentulous ridges. The anterior and posterior edentulous maxilla resorbs toward the palate after tooth loss.27 The width of the alveolar ridge decreases 40% within a few years, primarily at the expense of the labial plate. This results in a cantilevered force on the denture teeth. The maxilla is affected more often than the mandible because the incisal edge position in the esthetic zones cannot be modified and is dictated by esthetics, speech, lip position, and occlusion.

Box 33-3

Sequence of Treatment for a Maxillary Denture

1. Labial position of maxillary anterior teeth

2. Vertical position of maxillary anterior teeth

3. Maxillary occlusal plane

4. Occlusal vertical dimension

5. Mandibular anterior teeth

6. Mandibular posterior teeth

7. Maxillary posterior teeth

The anterior location of the occlusal plane is determined by the maxillary incisal edge position. The farther forward the maxillary anterior denture teeth, the more leverage off the anterior bone and the more likely the maxillary anterior teeth will tip up and the posterior palatal seal will fail, with the upper denture dropping from the ridge. Yet many dentists attempt to do plastic surgery with plastic, hoping to eliminate vertical facial lines in the lip by bulking up the labial flange and positioning the teeth forward from the ridge (Figure 33-20).
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FIGURE 33-20 A, Many dentists attempt to remove vertical lines in the maxillary lip by overcontouring the border and placing the teeth more labial. B, This denture has the anterior teeth cantilevered forward 15 mm from the incisive papilla.

The dentist inserts the base plate and wax rim into the patient's mouth and first determines the labial contour of the maxillary lip because modification at a later step may alter all other measurements. Most often the facial surfaces of the central incisors are 12.5 mm from the most posterior aspect of the incisive papilla or 7 to 9 mm from its anterior limit28 (Figure 33-21). Hence, the dentist initially positions the wax rim this far forward at the midtooth position. The philtrum of the lip should be a visible depression in the midline under the nose. If the philtrum is flattened, the lip is extended too far, and wax should be removed from the labial of the wax rim. In addition, in 92% of cases, the line drawn from the tip of the canines has been shown to bisect the incisive papilla29 (Figure 33-22).
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FIGURE 33-21 The labial position of the maxillary teeth is usually 12.5 mm anterior from the posterior aspect of the incisive papilla.
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FIGURE 33-22 A line joining the midcanine position is perpendicular to a line joining the midline and bisects the center of the incisive papilla in a tapered dentate arch form (A) and an ovoid dentate arch form (B).

The labial position of the maxillary anterior teeth is then evaluated with the patient at a relaxed vertical dimension. This is primarily to evaluate the overall support of the maxillary lip and its relationship to the balance of the face, especially in relation to the nose and presence or absence of a philtrum in the midline. A perpendicular line from the Frankfort plane (plane passing through the lowest point in the floor of the left orbit and the highest point of each external auditory meatus of the skull) that touches the lower lip should most often find the maxillary lip 1 to 2 mm in front of this line and the chin 1 to 2 mm behind this line (at the correct OVD)30 (Figure 33-23).
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FIGURE 33-23 A vertical line to the Frankfort plane usually touches the lower lip, with the chin recessed 2 mm and the maxillary lip 1 to 2 mm anterior.

The vertical position of the maxillary incisal edge is then evaluated. This position primarily reflects esthetic requirements. Most dentists determine the vertical positions of the maxillary teeth by the central incisors related to the maxillary lip at rest. A significant decrease of maxillary central incisor tooth length exposure with the lip in repose is relative to age, especially between 30 and 40 years. According to Vig and Brundo, a 30-year-old person exposes more than 3 mm of the maxillary central incisor when the maxillary lip is at rest or repose.31 A 40-year-old person shows 1.5 mm of maxillary central incisors; a 50-year-old person about 1 mm; a 60-year-old person 0.5 mm of tooth; and at 80 years old, the lip is observed level with the teeth. The reverse is observed with the lower teeth, with 0.5 mm for a 20-year-old person, 1 mm for a 40-year-old person, 2 mm for a 50-year-old person, 2.5 mm for a 60-year-old person, and 3 mm for an 80-year-old person.

The length of the central aspect of the maxillary lip from the base of the nose to its inferior border is a determining factor for the exposure of the central incisors. The maxillary lip is on average 20 to 22 mm and 22 to 24 mm for a 20-year-old woman and man, respectively (Figure 33-24). As a consequence, the base plate and wax rim usually is fabricated with a 22-mm dimension (Figure 33-25). In the case of lip discrepancy, the resting lip line is also affected. For example, short upper lips expose more incisal edge and vice versa (Figure 33-26).
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FIGURE 33-24 The length of the lip is often 22 mm.
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FIGURE 33-25 The maxillary base plate and wax rim are usually fabricated with 22 mm from the periphery to the incisal edge.
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FIGURE 33-26 This female patient has a short upper lip, which measures approximately 14 mm. As a consequence, she exposes 6 mm of her central incisors. Note that the canine only shows 1 mm.

However, Misch reported that the range of central incisal exposure with the lip in repose was 2 mm to +8 mm regardless of the age.32 The statistical average exposure of central incisors represents less than 15% of the population, especially in women. In addition, at age 60 years, patients often have natural teeth shorter than the relaxed maxillary lip because of loss of facial muscle tonicity. Yet even 80-year-old edentulous patients often desire to have maxillary central incisors below the lip at rest.

At maxillary lip rest, the central incisor portion of the incisal edge exposed varies greatly in women because of a wide range of lip bow contour. As a general rule, lip bow is more pronounced in young people and less in old people and is greater in women than men. The higher the lip bow contour, the more central incisor edge is shown when the lip is at rest.

The author has noted that the canine position is more consistent and less affected by age.32 In general, the canine tip is lateral to the lip bow and is usually ±1 mm than the maxillary lip in repose (say, “Emma” and relax) at any age (Figure 33-27). Even with a short upper lip, the canine position is similar to the resting lip line because it is more lateral to the short maxillary lip in the midline (see Figure 33-26). The canine is usually 1 to 2 mm shorter than the central incisors in a horizontal line to the horizon. Therefore, the dentist may use the canine to more accurately determine the vertical position of the anterior teeth.
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FIGURE 33-27 The canine tip position of the natural teeth in relation to the resting maxillary lip is less variable than the central incisor position. Between the ages of 20 and 80 years, the canine tip is usually level with the maxillary lip ±1 mm. A, A young woman. B, An old man.

After the dentist determines the resting lip position to anterior teeth position, speech may then be evaluated. The dentist makes the anterior incisal width of the wax rim similar to that of the final teeth. The dentist evaluates length and labiolingual position with “F” and “V” sounds.33 When the patient says “F,” the maxillary incisal edges should lightly touch the wet–dry border of the lower lip, similar to lower lip position during a broad smile position. When the patient says “E,” 50% to 70% of the space between the maxillary and mandibular lip should be occupied by the maxillary central incisors. If less than 50% of the space is occupied, the teeth usually can be lengthened, but if more than 70% of a space is occupied by maxillary centrals, lengthening the teeth usually is not indicated.34
The farther away the incisor edge is off the bone (the greater the crown height), the greater the moment force applied to the denture teeth and less stability of the denture during function. A conventional denture on a division D maxilla may require the incisal edge position slightly superior or inward, closer to the edentulous ridge, to improve anterior stability.

When the teeth (wax rim) are positioned more labial, the vertical position of the lip is elevated. An alternative to increasing the length of the anterior teeth so more teeth are visible with the lip in repose may be to increase the thickness of the premaxillary denture flange. This extra thickness brings out the lip and also raises the vermillion border. As a result, the teeth are not longer, but the border of the lip is higher. The fuller maxillary lip may also look younger because vertical age lines may also be reduced. Likewise, the thinner the labial flange and a more palatal position of the maxillary anterior teeth results in a more inferior or extended position of the lip.

Posterior Maxillary Plane of Occlusion

Occlusal Plane

After the maxillary anterior teeth positions are deemed acceptable, the horizontal occlusal plane is determined in the posterior regions of the mouth. The occlusal plane is defined in three dimensions: occlusal gingival, anteroposterior (A-P), and buccolingual.35 The dentist obtains the maxillary anterior occlusal gingival position of the incisal edge position relative to esthetics and phonetics. This dimension also determines the position of teeth relative to the residual crest of the anterior ridge. The posterior occlusal gingival plane has a variety of positions and will be modified to help stabilize a maxillary denture. The buccolingual dimension (horizontal plane) of the occlusal plane is parallel with the horizontal horizon, which usually corresponds to a line drawn through the pupils of the eyes (but follows a compensating curve). One side of the arch should be parallel to the other. The A-P dimension is established by the anterior incisal edge and the position of the posterior occlusal plane.

In complete denture techniques, the mandibular occlusal plane is determined after the OVD is established. The maxillary occlusal plane therefore follows the mandibular plane. In the occlusal–gingival position of the mandibular posterior occlusal plane (which determines the crown height space [CHS]), guidelines range from keeping the occlusal plane closer to the arch with less favorable ridge size and contour, thus favoring the mandibular arch15,17; putting the occlusal plane midway between the two arches36; using anatomical landmarks to place it in its natural location37,38; or terminating the occlusal plane posteriorly at the distal half of the retromolar pad.15,17,39
The most common mandibular posterior occlusal plane technique uses an anatomic landmark. However, the anatomical landmark approach for occlusal plane also has fueled controversy because several planes and lines have been suggested. A review of the literature highlights the controversy within the profession with suggested guidelines by Lundquist and Luther using the tips of mandibular cuspids and lower half of the retromolar pad.39 Ismail and Bowman recommended joining the upper third of the retromolar pad to the mandibular incisal edge.40 Others have suggested a line passing through the junction between the middle and superior third of the retromolar pad as a guideline41 (Figure 33-28).
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FIGURE 33-28 The anatomic landmark approach for the occlusal plane uses the retromolar pad for the posterior reference.

Most of the anatomic landmark approaches have a horizontal plane below Camper's plane. In a study by Misch, the posterior position of the anatomical plane in complete denture fabrication (half the retromolar pad) is parallel to line from the alar of the nose to the bottom of the ear. In other words, it is well below Camper's plane (Figure 33-29).
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FIGURE 33-29 Camper's plane is positioned from the alar of the nose to the midtragus of the ear. The anatomic mandibular plane that uses the retromolar pad as a reference is a plane from the alar of the nose to the bottom of the ear. As a result, the maxillary denture is less stable and often exposes the gingival region above the posterior teeth when smiling.

One reason for the controversy of the occlusal plane is that most authors use the posterior occlusal plane position to benefit lower denture stability rather than comparing the plane with the natural teeth. When the occlusal plane is oriented lower than the one observed with natural teeth, the stability of a lower denture is improved by decreasing the crown height and moments of force and allowing the tongue to rest above the posterior teeth, which helps stabilize the lower denture. However, when the mandibular restoration is implant supported, this occlusal plane location is not indicated because it positions the posterior maxillary teeth lower (and increases the posterior crown height) than the original tooth position. The increase in CHS decreases esthetics during smiling because more gingival denture material is displayed above the posterior teeth (especially in the premolar area) and decreases denture stability (Figure 33-30).
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FIGURE 33-30 In this patient, the maxillary denture occlusal plane is half up on the retromolar pad and built with flat posterior teeth. A gingival display above the posterior teeth is not usual with this setup.

Camper's plane has classically been described to correspond with the occlusal plane of the maxillary teeth. Ideally, the maxillary posterior occlusal plane should be parallel to the Camper's plane, which places the denture teeth closer to the maxillary supporting bone. Following Camper's plane is a logical position, although confusion exists as to the actual position of Camper's plane. A consistent landmark for this position is the inferior alar process of the nose, but the posterior landmark varies from the superior to the middle point of the tragus15,16 (Figure 33-31).
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FIGURE 33-31 Camper's plane is determined by a line from the inferior aspect of the nose (alar process) to the auditory meatus or midtragus of the ear.

Misch evaluated the existing maxillary occlusal plane from the maxillary canine to first molar in 50 patients with natural maxillary and mandibular teeth.14 The anterior reference point was the inferior ala process position. In half of the patients, the parallel posterior reference point was located in the upper third of the tragus; in 46%, it was parallel to the midtragus; and in 4%, it was below the midtragus. Therefore, the author suggests that the posterior plane of occlusion with natural teeth varies, with 96% of the patients following a line passing through the middle to superior third of the tragus position (Figure 33-32).
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FIGURE 33-32 Misch evaluated Camper's line and the occlusal plane in 50 patients with natural teeth. In only 4%, the occlusal plane was below the midtragus (which is close to the half retromolar pad position). In half of the patients, the occlusal plane was parallel to the top third of the tragus (which would help stabilize a maxillary denture).

The tragus position was different on the contralateral side in almost 25% of the patients. This was a result of one ear position higher on one side than the other. Hence, an ear bow transfer for maxillary arch position to the articulator is not parallel to the horizontal plane in one of four patients.

For a type I, division A or type I, division B maxilla with good retentive form, the maxillary wax rim is oriented toward the midtragus position. A Frank Fox plane is placed on the maxillary wax-in to evaluate this position (Figure 33-33). The posterior reference point is raised to a position near the upper third of the tragus, slightly raising the occlusal plane, to stabilize the denture for the less favorable division C or D maxillary arch. Thus, the dentist can vary the A-P orientation of the occlusal plane in relation to the length and support of the maxillary lip, ridge shape, height, and position. Raising the posterior occlusal plane for a maxillary denture makes the prosthesis more stable because the crown height is reduced. It also makes the prosthesis more esthetic in relation to the high lip position during smiling (Figure 33-34).
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FIGURE 33-33 A Frank Fox plane is positioned on the maxillary wax rim to evaluate Camper's plane.
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FIGURE 33-34 The same patient as in Figure 33-30, with the same dentures and same six anterior teeth. Only the posterior teeth and plane of occlusion were modified. (Unfortunately, the camera angle was changed, too.)

Occlusal Vertical Dimension

To determine the anterior position and the CHS of the mandible, the overall issue of OVD must be addressed. The OVD is defined as the distance between two points (one in the maxilla and the other directly below in the mandible) when the occluding members are in contact.35 This dimension requires clinical evaluation of the patient and cannot be evaluated solely on the diagnostic casts.

The determination of the OVD is not a precise process because a range of dimensions is possible without clinical symptoms.26 At one time, it was believed OVD was very specific and remained stable throughout a patient's life. However, this position is not necessarily stable when the teeth are present and definitely is decreased after the teeth are lost. Long-term studies have shown this is not a constant dimension and often decreases over time without clinical consequence in dentate or partially or completely edentulous patients.42 A completely edentulous patient often wears the same denture for more than 10 years, during which time the OVD may be reduced 10 mm or more without symptoms or even patient awareness.

The OVD may be altered without the symptoms of pain or dysfunction, especially when the condylar disc assembly is healthy. However, this is not to say that altering the OVD has no consequences. A change in OVD affects the esthetics of the chin-to-face position and the mandibular CHS. As such, it may affect the biomechanics of the support system of a prosthesis. Any change in the OVD will modify the horizontal dimensional relationship of the maxilla to the mandible. Therefore, a change in OVD will modify the anterior guidance, range of function, and facial esthetics.43
The most important effect of OVD on tooth (implant) loading may be the effect on the biomechanics applied to the premaxilla of the denture. The more closed the OVD, the farther forward the mandible rotates and the more skeletal class III the chin appears. In an edentulous patient who wears the same denture over many years, the mandibular bone loss in height results with the mandibular anterior teeth occluding with the maxillary anterior denture teeth prematurely and dislodging the maxillary denture. Hence, restoring the OVD and incisal guidance is paramount to any oral reconstruction.

The maxillary anterior tooth position is determined first and is most important for the esthetic criteria of the reconstruction. However, esthetics is also influenced by OVD because of the relationship to the maxillomandibular positions. The smaller the OVD, the more Angle's skeletal class III the jaw relationship becomes; the greater the OVD, the more Angle's skeletal class II the relationship becomes. Alteration of the OVD for esthetics primarily affects the mandibular tooth position. For example, the OVD position may be influenced by the need to soften the chin for a patient with a large mental protuberance by increasing the OVD (Figure 33-35).
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FIGURE 33-35 As the occlusal vertical dimension is decreased, the mandible rotates forward and up upon closing. The chin is more dominant, and the anterior teeth occlude farther forward and modify incisal guidance and function.

The OVD is almost never too large in an edentulous patient, and unless some manufactured interference has been created, it is within clinical guidelines or collapsed. Therefore, the restoring dentist most often should determine whether the OVD needs to be increased. In other words, the existing OVD in a patient without symptoms of the temporomandibular joint is a position to start the evaluation, not one that necessarily must be maintained.

Methods to Evaluate Occlusal Vertical Dimension

In traditional prosthodontics, a range of techniques has been described to establish the OVD.44 Whereas objective methods use facial dimension measurements, subjective methods rely on esthetics, resting arch position, and closest speaking space. There is no consensus on the ideal method to obtain the OVD. Therefore, this dimension is part art form and part science.

Niswonger proposed the use of the interocclusal distance (“freeway space”), which assumes that the patient relaxes the mandible into the same constant physiologic rest position.44 The practitioner then subtracts 3 mm from the measurement to determine the OVD. Two observations conflict with this approach. First, the amount of freeway space is highly variable in the same patient, depending on factors such as head posture, emotional state, presence or absence of teeth, parafunction, and time of recording (greater in the morning). Second, interocclusal distance at rest varies 3 to 10 mm from one patient to another. As a result, the distance to subtract from the freeway space is unknown for a specific patient. Therefore, the physiologic rest position should not be the primary method to evaluate OVD. However, it should be evaluated after the OVD is established to ensure a freeway space exists when the mandible is at rest.

Silverman stated that approximately 1 mm should exist between the teeth when making an “S” sound.45 Pound further developed this concept for the establishment of centric and vertical jaw relationship records for complete dentures.46 Although this concept is acceptable, it does not correlate to the original OVD of the patient. Denture patients often wear the same prosthesis for more than 14 years and during this time lose 10 mm or more of their original OVD. Yet all of these patients are able to say “Mississippi” with their existing prosthesis. If speech were related to the original OVD, these patients would not be able to pronounce the “S” sound because their teeth would be more than 11 mm apart. But to say the letter “S” with the correct sound, the teeth must be approximately 1 mm apart (regardless of the OVD). Therefore, the speaking space should not be used as the only method to establish OVD. However, after the OVD has been determined, the speaking space should be observed, and the teeth should not touch during sibilant sounds. On occasion, a short adjustment period of a few weeks may be required to establish this criterion.

After the position of the maxillary incisor edge is determined, the OVD influences the esthetics of the face in general. Facial dimensions are objective (because they are measured) and directly related to the ideal facial esthetics of an individual. They can be easily assessed regardless of the clinician's experience. This objective evaluation is usually the method of choice to initially evaluate the existing OVD or establish a different OVD during prosthetic reconstruction. In addition, it may be performed without the need for additional diagnostic tests.43
Facial measurements can be traced back to antiquity, when sculptors and mathematicians followed the golden ratio for body and facial proportions as described by Plato and Pythagorus.47 The golden ratio relates to the length and widths of objects in nature as 1 to 0.618.48 It was observed that biologic features follow this ratio.49 Architectural proportions often follow the golden ratio, because it is considered the most esthetically appealing to the human eye. Leonardo da Vinci later contributed several observations and drawings on facial proportions, which he called divine proportions.50 He observed the distance between the chin and the bottom of the nose (i.e., OVD) was a similar dimension as (1) the hairline to the eyebrows, (2) the height of the ear, and (3) the eyebrows to the bottom of the nose—and each of these dimensions equaled one third of the face (Figure 33-36).
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FIGURE 33-36 Leonardo da Vinci used measurements to aid in drawing a face. The occlusal vertical dimension was similar to the hairline to eyebrow length and the height of the ear.

Many professionals, including plastic surgeons, oral surgeons, artists, orthodontists, and morticians, use facial measurements to determine OVD.51,52 Misch reviewed the literature and found that many different sources reveal many correlations of features that correspond to the OVD14,43,53:

1. The horizontal distance between the pupils54
2. The horizontal distance from the outer canthus of one eye to the inner canthus of the other eye

3. Twice the horizontal length of one eye

4. Twice the horizontal distance from the inner canthus of one eye to the inner canthus of the other eye

5. The horizontal distance from the outer canthus of the eye to the ear

6. The horizontal distance from one corner of the lip to the other following the curvature of the mouth (cheilion to cheilion)54
7. The vertical distance from the external corner of the eye (outer canthus) to the corner of the mouth

8. The vertical height of the eyebrow to the ala of the nose50
9. The vertical length of the nose at the midline (from the nasal spine [subnasion] to the glabella point)51
10. The vertical distance from the hairline to the eyebrow line50
11. The vertical height of the ear50
12. The distance between the tip of the thumb and the tip of the index finger when the hand lays flat with the fingers next to each other (Figure 33-37).
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FIGURE 33-37 Leonardo da Vinci described “divine proportions” in the following way: A, “The distance between the chin and the nose, and hairline and the eyebrows are equal to the height of the ear and to one-third of the face height.” B, In addition, the facial height (from the chin to hairline) is often equal to the length of the hand, and the distance from the chin to the bottom of the nose is the same length as the distance between the tip of the thumb and the tip of the index finger. (From Misch CE: Contemporary implant dentistry, ed 2, Mosby, 1999, St Louis.)
All of these measurements do not correspond exactly to each other but usually do not vary by more than a few millimeters (with the exception of the vertical height of the ear and the length of the index finger) when facial features appear in balance. An average of several of these measurements may be used to assess the existing OVD. In a clinical study by Misch, the OVD was often slightly larger than the facial measurements listed (more in men than women) but was rarely a smaller dimension.53
To determine facial measurements and their relationship to the desired OVD, the dentist first should evaluate the superior two thirds of the face and establish the face in general as facial balance (Figure 33-38). For example, when the horizontal distance between the pupils of the eyes is within 2 mm of the vertical distance from the outer canthus of the eye to the corner of the mouth, the midface is within facial balance. When the eyebrow to ala of the nose is similar to the hair line (in women) to eyebrow, the superior third of the face has balance. When these measurements are similar, the rest of the measurements are usually similar, including the bottom of the nose to the bottom of the chin (i.e., OVD). Therefore, the position by facial measurement is an objective starting point. Most often a male patient has an OVD that is slightly larger than the other facial dimensions. The subjective criteria of pleasing esthetics may then be considered after the facial dimensions are within balance with each other.
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FIGURE 33-38 The superior two thirds of the face is first evaluated to see if it is in facial balance.

Facial measurements as a start to determine OVD offer significant prosthetic advantages. These are objective measurements rather than subjective criteria (e.g., resting jaw position or swallowing). After the dentist has determined the initial OVD, the dentist may use the wax rim to evaluate speech, swallowing, and resting jaw position. In addition, the esthetic requirements may mandate slightly decreasing the OVD and making the patient appear more Angle's class III or slightly increasing the OVD and making the jaw relationship more Angle's class II.

An anterior cantilever on implants in the edentulous mandibular arch may correct an Angle's skeletal class II, division I jaw relationship. The maxillary anterior teeth support the lower lip at rest in both Angle's skeletal class I and class II relationships. A traditional complete mandibular denture cannot extend beyond the anatomical support or neutral zone of the lips without decreasing stability of the prosthesis. However, with implants, the mandibular denture teeth may be set in a more ideal esthetic and functional position.14
The anterior cantilever in the Angle's skeletal class II mandible depends on an adequate implant number and A-P distance between the splinted implants. To counteract the anterior cantilever effect, the treatment plan should provide increased implant support by increasing the surface area by number, size, design, or A-P implant position. In these cases, a removable type 4 (RP-4) prosthesis, designed to prevent food impaction, may facilitate daily care compared with a fixed type 3 (FP-3) prosthesis.

Because no absolute method exists to determine OVD that can be used assuredly for all individuals, the facial measurements for balance are attractive because they require no radiographs or other special measuring devices. The maxillary and mandibular wax rims are evaluated at the OVD position (Figure 33-39). A closed-mouth centric relation bite registration is then made. Because the mandibular prosthesis is implant supported, the bite registration is usually more easily obtained compared with a soft tissue–supported mandibular denture.
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FIGURE 33-39 A maxillary base plate and wax rim opposing a mandibular base plate and wax rim verification jig. The maxillary midfacial line, high lip line, canine position, and occlusal vertical dimension are evaluated before obtaining a closed-mouth bite registration record.
Mandibular Incisor Edge Position

After the maxillary incisal edge, the posterior plane of occlusion and the OVD are deemed clinically acceptable, the position of the lower anterior teeth is evaluated. Because the maxillary anterior teeth are first set in the wax rim, the mandibular teeth positions are set in relation to these teeth. In a maxillary denture, no anterior contact in centric relation occlusion is designed with the mandibular implant prosthesis.55,56 Centric stops or pressure from the tongue and muscle positions usually prevent continued extrusion of mandibular anterior natural teeth. However, this is not necessary when the anterior teeth are supported by implants or are part of a denture.

The occlusal position of complete maxillary and mandibular dentures during function is often anterior to the recorded centric relation occlusion.15 As a result, the anterior teeth occlude before the posterior teeth. When the mandibular implant prosthesis is more secure than the maxillary denture, the maxillary prosthesis loses the valve seal retention and may be dislodged during mandibular excursions in the absence of posterior contacts, which occurs not only during the incision of food but also during parafunction. Inadequate valve seal and instability of the maxillary denture also can contribute to gagging.

Maxillary anterior prosthetic teeth most always are positioned facially off the anterior supporting bone to satisfy phonetic and esthetic requirements. The moment forces created by the mandibular anterior teeth of the implant prosthesis may cause instability of the maxillary prosthesis, and therefore the anterior teeth should not come in contact with the maxillary denture. Most often, the horizontal overjet of the anterior teeth is about 2 mm. This overjet permits functional movements of the mandibular overdenture or fixed prosthesis without immediate anterior tooth contacts that may dislodge the maxillary denture and protects the premaxilla from excess forces (Figure 33-40).
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FIGURE 33-40 The maxillary anterior teeth are first positioned in the wax rim. The mandibular anterior teeth do not occlude with the maxillary teeth. A horizontal overjet of approximately 2 mm is sufficient.

A vertical overbite of 2 mm with the maxillary anterior teeth often is used to position the mandibular anterior teeth. During mandibular excursions, the maxillary and mandibular anterior teeth contact because the mandible moves down and forward (the condyle slides along the glenoid fossa). In this way, the patient still is able to bite through a sandwich or piece of meat. The resulting anterior guidance is about 15 degrees, which is less than the ideal with natural teeth, where incisal guidance is desired. This position is compatible with the use of a bilateral balanced occlusion scheme when using posterior anatomic teeth. Hence, the maxillary anterior teeth are positioned first primarily by esthetics and secondarily speech. The mandibular anterior teeth are then positioned (after the OVD is established) primarily related to occlusion and function.
The tips of the maxillary canines align with the center of the incisive papilla and are closer to the resorbed residual ridge compared with the maxillary anterior incisors. Therefore, anterior contacts in centric occlusion may be present at the distal aspect of the maxillary canine.
After the maxillary and mandibular anterior teeth are set on the wax rims, the dentist determines the amount of incisal guidance, which determines the steepness of the compensating curve for a balanced occlusion. The greater the anterior guidance, the greater the posterior compensating curve. To establish anterior guidance with a minimal curve is easier to develop bilateral balance. Therefore, setting a shallow incisal guide for phonetics, esthetics, and function of the anterior teeth offers significant advantages.

Posterior Tooth Form

The form of the posterior teeth may be classified as anatomical (30-degree cusp angle), semianatomical (10- to 20-degree cusp angle), or nonanatomical (flat). In most complete denture designs, the posterior tooth form is determined by the resorption process of the posterior mandible. When abundant bone is present, an anatomic tooth form is used. When severe atrophy is present, a flat tooth form is used57,58 (Figure 33-41).
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FIGURE 33-41 The posterior mandibular bone volume often determines the posterior tooth form in complete dentures. The more abundant the bone (left), the more anatomic the tooth form. The less bone present (right), the flatter the tooth form.

The anatomical tooth form presents considerable esthetic advantages for the maxillary denture, especially in the premolar positions. In addition, the steeper cusp forms are more efficient at penetrating the bolus of food compared with anatomical forms.59 In addition, the use of maxillary posterior anatomical teeth allows the creation of a vertical overbite in the anterior region of the mouth for improved esthetics and bilateral balance of occlusion. The cusp angles on the posterior teeth allow posterior occlusal contact in protrusion. When flat, nonanatomical teeth are used in the posterior regions, the dentist must eliminate the vertical overbite in cases in which the jaw relationship does not provide an adequate horizontal overjet.60 Therefore, the maxillary posterior denture teeth should have relatively steep cusp angles.
When a maxillary denture opposes an implant prosthesis, the maxillary posterior teeth should use a 20- to 33-degree cusp angle for improved esthetics and function. The mandibular posterior teeth should be 10 to 20 degrees (less than the maxillary teeth). This will enhance the occlusal setup suggested by the author (medial-positioned, lingualized occlusion) (Figure 33-42). Steep cusp angles in the mandible may cause destabilizing horizontal forces, as summarized by Ortman in his statement “the flatter the ridge, the flatter the cusp angles.”61 However, cusp angles are not a consideration for mandibular implant overdentures or fixed prosthesis because the attachment system overrides the functional concerns of tooth form.
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FIGURE 33-42 The maxillary posterior teeth use an anatomic tooth form for esthetics and function. The mandibular posterior teeth should use a more nonanatomical tooth form.

Posterior Tooth Position

The mandibular edentulous posterior ridge resorbs in a medial direction as it transforms from division A to B bone volume but then resorbs laterally from division B to C and then to D27 (see Figure 33-42). In complete dentures, the dentist often first determines the position of the mandibular posterior teeth. Occlusal concepts aiming at denture stability often position the mandibular teeth perpendicular to the edentulous ridge.15,16 This positions the central fossa of the posterior mandibular teeth more medial than that of the natural teeth predecessors in division B bone but more facial in division C and even more facial in division D compared with the natural tooth position. Mandibular dentures in the neutral zone record the tongue position and result in a more buccal position of the denture teeth in resorbed arches.62 The maxillary denture teeth then are positioned farther facially than the original natural teeth if the dentist maintains a normal cusp–fossa relation.

Under ideal circumstances, the maxillary residual ridge is the primary stress-bearing region for a maxillary denture.15 The denture teeth are set closer to this structure than to any other supporting region. Placement of the denture teeth directly over the edentulous posterior crest reduces moments of force and improves support under vertical forces. In division A bone of the premolar and molar regions, the dentist often can place teeth over the crest of the ridge.

The maxillary edentulous posterior ridge resorbs in a medial direction as it transforms from division A to B, division B to C, and division C to D (Figure 33-43). In most complete denture concepts, the maxillary teeth are usually positioned to follow the mandibular teeth (which are positioned more buccal as the residual ridge resorbs) and increasingly are cantilevered off the maxillary bone support. Consequently, when the mandibular teeth are positioned over bony support (or when neutral muscular zones are used), maxillary denture teeth are always lateral of the resorbing bony support, and the condition is compounded in cases of advanced maxillary atrophy (division C or D bone) (Figure 33-44). The maxillary posterior teeth are also involved in esthetics, especially the premolar region. The more lateral tooth placement eliminates the buccal space during smiling and negatively affects esthetics compared with the position of the natural teeth.
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FIGURE 33-43 The mandible resorbs first to the lingual and then to the facial. The maxilla resorbs toward the midline.
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FIGURE 33-44 In this maxillary denture, the posterior teeth were set in relationship to the mandibular teeth, which were set over the existing division D bone. The posterior teeth are cantilevered buccally, off the bony base of the maxilla, which causes instability and poor esthetic appearance of the denture.

Gysi first introduced the basic concept of lingualized occlusion.63 Later Payne reported on a modified posterior setup of Farmer and suggested that the maxillary buccal cusps of posterior teeth should be reduced so only the lingual cusps would be in contact.64 Pound and Murrell discussed a similar concept but reduced the buccal cusp of the mandible rather than the maxilla, so the maxillary teeth remain more esthetic and introduced the term lingualized occlusion.57,58
Consistent in the philosophy of Payne and Pound was the belief that the palatal cusp should be the only area of maxillary tooth contact. This lingualized occlusion has since been renamed lingual contact occlusion.65 These occlusal schemes were designed to narrow the occlusal table and improve mastication, reduce forces to the underlying mandibular bone, simplify the denture teeth setup, prevent cheek biting, and help stabilize a lower denture (Figure 33-45).

[image: image46.jpg]lary ligual cusps





FIGURE 33-45 The posterior maxillary anatomic teeth occlude the lingual cusp with the central fossa of the mandibular non-anatomic tooth.

Mandibular implant overdentures or fixed prostheses gain stabilization and retention through the implant support system. They are not tissue supported, so the occlusal scheme and tooth position may differ from traditional denture techniques. The author has suggested that the technique of Payne and Pound be modified further when one fabricates a maxillary denture opposing a stable implant-retained prosthesis.12–14 Because the mandibular prosthesis is stable, the dentist may then position the teeth in the most favorable manner for upper denture stability and support.

Pound placed the lingual cusp of the mandibular posterior teeth between two lines drawn from the canine to the buccal and lingual sides of the retromolar pad (Pound's triangle)57,58 (Figure 33-46, A). The tooth position originally suggested by Pound helps stabilize a mandibular denture. However, an implant-supported mandibular prosthesis does not require such a tooth position to enhance lower denture stability. Misch evaluated the position of the lingual cusps of mandibular molars in 30 patients and skulls with proper jaw relationship and occlusion compared with the lingual cusp position referred to by Pound14 (Figure 33-47). In all patients, the position of the posterior lingual cusps extended medial to a line drawn from the canine to the medial aspect of the retromolar pad. In other words, it is more medial than Pound's position and more medial than the underlying mandibular bone. In the majority of patients, the lingual cusps extended 2 mm more lingual beyond the line, but in about 10%, they extended to 3 mm, and another third were 1 mm more lingual to the line. Therefore, Misch has suggested that for mandibular implant prostheses, denture teeth may be set medial to the retromolar pad in a position similar to natural teeth (Figure 33-46, B).

[image: image47.jpg]



FIGURE 33-46 A, Pound's triangle is created by drawing two lines from the mesial aspects of the canine to each side of the retromolar pad. The lingual aspects of the mandibular teeth then are positioned within this triangle. B, Misch proposed drawing a line from the distal aspect of the canine to the medial aspect of the retromolar pad. The central fossae of the mandibular posterior teeth are then positioned just buccal to this line, and the lingual surfaces are lingual of this line. (Redrawn from Misch CE: Contemporary implant dentistry, ed 2, St Louis, 1999, Mosby.)
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FIGURE 33-47 The lingual position of the mandibular posterior teeth was evaluated in 30 patients and skulls with natural teeth. In all patients, the lingual contours of the mandibular teeth were 1 to 3 mm lingual of Pound's most medial line.

The more medial the posterior denture teeth, the more vertical the occlusal forces generated over the maxillary bone, thus reducing tipping and enhancing the upper denture stability during function. Therefore, the central fossa of the mandibular posterior teeth is suggested to be positioned on a line drawn from the tip of the mandibular canine to the lingual aspect of the retromolar pad. The mandibular posterior teeth are placed so that the central fossa is over this line and the lingual cusps extend medial to the line.66 Although this position places the denture tooth more medial than previous denture tooth position techniques, the lingual cusps in both arches are in similar location to that of the original teeth.

The maxillary posterior teeth are then positioned so the mandibular buccal cusp occludes with the maxillary central fossa, with a horizontal overjet of the maxillary buccal cusps. This positions the maxillary posterior teeth closer to the natural tooth position because they follow the more naturally positioned mandibular teeth.

The occlusal centric contacts follow the guidelines of lingualized occlusion described by Payne, Pound, and Murrell.64,57,58, Only the lingual cusps of the maxillary posterior teeth are in contact during centric occlusion (Figure 33-48). Because the primary occlusal contact is the lingual cusp of the maxillary teeth rather than the buccal cusp of the mandibular teeth, this acts as an additional stabilizing factor for the maxillary denture, directing forces closer to the maxillary residual ridge. In addition, the narrower occlusal table (because only one cusp occludes) decreases the force required to penetrate food and simplifies the occlusal adjustment process.
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FIGURE 33-48 A, Only the lingual cusps of the maxillary anatomical posterior teeth occlude with the mandibular teeth. This brings the occlusal contact closer to the crestal bone support and helps stabilize the denture. B, The mandibular teeth have occlusal contact in the central fossa: the buccal cusps are reduced in height, with no occlusal contact in centric occlusion.

Bilateral balance occlusion has fallen out of favor in many denture philosophies because the occlusal concept is difficult to obtain, and is not practical during function—“enter bolus, exit balance.”67 However, the maxillary and mandibular teeth are set in bilateral balance occlusion. This concept further stabilizes the maxillary denture during parafunction. It also helps protect the premaxilla from the maxillary denture rotating up and loss of posterior seal. Because the anterior teeth do not occlude in centric occlusion, this also protects the premaxillary bone.

When the maxillary denture opposes an implant prosthesis and is set with incisal guidance, only the anterior teeth occlude in protrusive or mandibular excursions (Figure 33-49). When this concept is used with complete dentures, the mandibular denture goes up in the back and down in the front. Because the patient is used to an unstable lower denture, it is not a major concern. However, when the restoration is a maxillary denture opposing an implant-supported mandibular prosthesis, the maxillary denture falls from the back and up in the front. The valve seal is lost, and the denture has no retention. As a consequence, bilateral balance is the occlusal concept necessary to avoid this complication (Figure 33-50).
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FIGURE 33-49 When only the anterior teeth occlude in mandibular functional movements, the mandibular implant prosthesis is stable. Therefore, the maxillary denture will rotate up in the anterior and down in the posterior. The valve seal will separate and the maxillary denture will lose retention.
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FIGURE 33-50 The maxillary denture has bilateral balance to keep the prosthesis stable during function. This picture illustrates opposing prostheses during a mandibular right excursion with occlusal contacts of the anterior and posterior teeth.

As the crown height increases, an increasing moment force is applied to the maxillary teeth when set facial to the residual ridge. This increased moment force is difficult to avoid in the anterior maxilla because specific tooth position is required for proper esthetics and phonetics. However, setting the teeth and the occlusal contacts in the posterior regions toward the midline and raising the posterior plane of occlusion minimize these forces and instability. The maxillary second molar may even be set in crossbite to improve further the vertical force component over the severely atrophic division D posterior maxilla. Raising the posterior occlusal plane to the upper third of the tragus, medial position of the teeth, lingual contact occlusion, and bilateral balance occlusion help stabilize the weakest member of the removable prostheses, the maxillary denture (Figure 33-51).
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FIGURE 33-51 A, A maxillary denture wax-up opposing a mandibular implant fixed prosthesis. Only the lingual cusps of the maxillary denture occlude into the central fossae of the mandibular teeth. B, A right excursion of the mandible has bilateral balance occlusion. C, The final maxillary denture and mandibular fixed prosthesis in the mouth.

Functionally Generated Path Technique for Maxillary Removable Prostheses

The functionally generated path (FGP) technique enables the restoring dentist accurately to capture the mandibular eccentric movements of a patient without the use of complicated or expensive instrumentation.55,56,68 The eccentric movements are recorded after the dentist establishes the OVD and anterior guidance. The technique has been used for all types of occlusal schemes but is most useful for bilateral balanced occlusion, especially when the occlusal plane is not ideal. The dentist may use the FGP concept to fabricate the maxillary complete denture opposing natural dentition or to reset posterior teeth with rebasing or relining procedures.

The most common indication for the FGP in the implant practice is a maxillary complete or RP-5 overdenture opposing natural or previously restored fixed restorations (Figure 33-52). Bilateral balanced occlusion is especially difficult to establish when one of the arches presents natural dentition. Compounding the problem are patient treatments that do not permit complete occlusal rehabilitation of the natural arch. Implant dentistry often presents treatment options that combine the restoration of the maxillary arch with a traditional complete denture with an implant-supported fixed mandibular prosthesis.
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FIGURE 33-52 A maxillary denture occasionally is made to opposing natural teeth or an implant-supported fixed restoration without an ideal occlusal plane. Bilateral balance is difficult to achieve under these conditions.

The eccentric movements of the mandible are dictated by the condylar disc assembly paths and the anterior incisal guidance. Because the FGP technique first establishes the vertical and anterior guidance, all necessary information is already available for an accurate customized recording of mandibular movements.

An occlusal plane analyzer may be used on diagnostic casts to evaluate pretreatment conditions of the mandible and assist in intraoral occlusal plane correction. Occlusal analyzers may be fabricated in several sizes. The average size corresponds to a 4-inch sphere and provides a starting point for ideal curves of Wilson and Spee. Any discrepancy observed on the cast may be corrected in the mouth. Misch has designed a laboratory-assisted template with this intent.14 In the laboratory, a vacuum or press fit of an acrylic shell is prepared over the cast. The occlusal plane analyzer is then used to evaluate and correct an improper occlusal plane. A handpiece is used to grind the acrylic shell and protruding occlusal cusps on the duplicate diagnostic cast. The clear acrylic shell is then taken intraorally and inserted over the teeth. Any cusp extending through the acrylic shell is recontoured to the level of the surrounding acrylic. As such, the occlusal plane is rapidly corrected to an ideal condition (Figure 33-53).
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FIGURE 33-53 A, A Misch occlusal analyzer with a 4-inch curve is placed on the mandibular cast to evaluate the curves of Wilson and Spee. B, A clear vacuum form is placed over the teeth, and the mandibular cusp is selectively recontoured to fit the occlusal analyzer. C, The modified cusps are marked on the cast. D, The clear template is placed in the mouth, and the appropriate cusps are modified.

The first step in the FGP technique for a maxillary removable prosthesis is the determination of maxillary anterior tooth position after fabrication of final impressions and stable base plate records. The dentist uses the guidelines previously discussed for esthetics, contour, and phonetics. The dentist then addresses the mandibular arch. If the mandibular arch is a RP-4 overdenture and the restoring dentist selects the position of the teeth, one determines the maxillary occlusal plane in the occlusogingival, buccolingual, and A-P directions. If the mandibular arch already is restored with a fixed prosthesis or natural teeth, the dentist also recontours the mandibular anterior teeth as necessary to eliminate irregularities in height or labial position. The dentist recontours the buccal contours of the mandibular posterior teeth to permit a more medial position of the occlusal contacts and often reduces the lingual cusp height to prevent lateral prematurities.

The dentist establishes the OVD using facial measurements. The dentist obtains a record of vertical centric occlusion relation after determining anterior teeth position and OVD. The dentist may or may not use a face-bow registration to mount the maxillary cast base plate with anterior teeth in final position. The dentist mounts the opposing cast of the natural fixed mandibular teeth with the centric registrations and uses a “verticulator” or articulator with condylar protrusive settings greater than 60 degrees as the articulator for FGP techniques (Figure 33-54).
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FIGURE 33-54 During the maxillary wax rim and try-in appointment, the position of the maxillary anterior teeth has been confirmed and the occlusal vertical dimension, and centric occlusion records have been obtained. The articulator reproduces this clinical situation, and the condylar settings on the articulator are selected greater than 60 degrees.

After the maxillary anterior teeth and OVD are established, the maxillary posterior wax rim is designed to occlude with the opposing cast or denture teeth on the articulator. The dentist cuts a narrow slot into the maxillary posterior occlusal rim directly over the central fossa of the mandibular posterior teeth. This slot extends to the acrylic base plate and forms a 3-mm-wide groove. The dentist adds monomer to the base plate in the groove and fills in the area with acrylic. The dentist coats the opposing cast with petroleum jelly or separating medium and articulates the casts. The dentist then removes the remaining wax rim after the acrylic polymerizes. This procedure results in an acrylic fin occluding with the central fossa of the posterior cast at the recorded vertical occlusal dimension (Figure 33-55).
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FIGURE 33-55 An acrylic fin on the maxillary base plate is made to occlude with the central fossa of the mandibular teeth at the occlusal vertical dimension position.

The dentist places the maxillary base plate in the patient's mouth and confirms the anterior tooth position and vertical occlusion (Figure 33-56). The dentist adds Iowa wax or soft wax around the posterior acrylic fin and then guides the patient first into centric occlusion and makes a record of the occlusal surfaces of the mandibular teeth with the wax. The dentist softens the wax in warm water and instructs the patient to bite in centric occlusion, and then the dentist guides the patient into a left lateral movement until the maxillary and mandibular canines are in the same plane. After the dentist registers the extent of the movement, the patient opens the mouth and occludes back into centric occlusion. This recording is repeated. The dentist removes the maxillary base plate and examines it (Figure 33-57). The posterior wax should not be unsupported at the base. If the wax extends wider on the occlusal table than on the base, the dentist adds wax below the occlusal registration table until it is supported.
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FIGURE 33-56 The maxillary base plate and anterior teeth try-in are evaluated intraorally. The posterior fin occludes in the central fossa of the posterior teeth.

[image: image58.jpg]



FIGURE 33-57 Iowa or soft wax is placed around the posterior fins of the base plate. The patient is guided through left and right border movements, keeping the jaws in contact.

The dentist reinserts the maxillary base plate and guides the patient into centric relation occlusion and guides the mandible into a right lateral border movement. The patient opens when the mandibular movement has aligned the maxillary and mandibular canine facial surfaces and closes back into centric occlusion. The movement is repeated. The dentist removes the maxillary base plate and examines it for accurate occlusal patterns and supported occlusal wax contour.

The dentist inserts the base plate again, this time guiding the patient into centric relation occlusion and asking the patient to make one protrusive movement until the maxillary and mandibular anterior teeth are aligned. The patient then opens the mouth, and the dentist removes the base plate. Protrusive movements are not border movements and may vary slightly with repeated records. Therefore the dentist records only one protrusive movement in the posterior occlusal wax.

The dentist places a moist, cold towel around the posterior wax to prevent distortion, boxes the region, and pours it with dental or die stone (Figure 33-58). The cold towel helps prevent distortion of the wax when the stone generates heat during setting.
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FIGURE 33-58 A moist, cold towel is positioned around the posterior soft wax regions of the base plate, and stone is poured onto the wax.

When the stone is set, the dentist repositions the maxillary base plate on the articulator, removes the mandibular cast of the teeth or dentures from the mandibular component, and joins the posterior stone patties to the mandibular articulator frame with plaster (Figure 33-59). The dentist then separates the mandibular occlusal casts from the maxillary base plate. The occlusal aspect of the mandibular cast does not appear as teeth; instead, the cast is the representation of the border and protrusive movements of the mandibular cusps (Figure 33-60).
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FIGURE 33-59 A, The maxillary wax try-in and occlusal patties of set stone. B, The mandibular cast is removed from the articulator and is replaced with the stone patties and joined to the mandibular articulator frame with plaster.
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FIGURE 33-60 The stone patties do not appear as natural teeth. They are the representations of the mandibular teeth tracings during border and protrusive movements of the mandibular occlusal surfaces.

The dentist increases the articulator vertical relation pin 1 mm, positions the maxillary posterior fully anatomical denture teeth in the maxillary base plate, and places the premolars for esthetics and function. The first molar is often more medial in position in divisions C and D bone, and the maxillary second molar may be set in crossbite if the posterior ridge has severe resorption. The posterior teeth are set 1 mm too high at the present step because the articulator vertical incisal pin was increased.

The dentist then repositions the vertical relation pin to the original vertical dimension. The articulator is used only in the vertical position. No excursions are made. Articulating paper marks the portions of the teeth in occlusion, and the dentist recontours these until obtaining the original vertical dimension (Figure 33-61). This procedure results in a bilateral balanced occlusal scheme.
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FIGURE 33-61 The incisal pin of the articulator is raised 1 mm, and the posterior teeth are set in the wax rim. The pin is returned to its original position, and the vertical movement of the articulator is used to equilibrate the maxillary teeth until the original occlusal vertical dimension is restored.

The dentist tries the maxillary prosthesis with waxed-in teeth in the patient's mouth. The patient makes the left and right border movements along with a protrusive movement. The dentist evaluates occlusion and adjusts as needed. The dentist also evaluates esthetics and phonetics. The final denture then may be processed and delivered at the following appointment (Figure 33-62).
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FIGURE 33-62 The maxillary denture is processed, and final delivery of the prosthesis is made. The patient is reminded about continued bone loss and the need to remove the prosthesis during sleep to slow the bone loss process until implants may be inserted.

One may use an alternative technique for a FGP denture if the mandibular arch also may be restored. This technique first finishes the maxillary denture to ideal esthetics, contour, comfort, and occlusal plane depending on the amount of maxillary ridge resorption. The mandibular arch is then restored to the final maxillary prosthesis.

The dentist positions the final maxillary denture in the patient's mouth, positioning the mandibular anterior teeth first and evaluating for esthetics and phonetics at the desired vertical dimension. Anterior contact in centric relation occlusion usually is not indicated for a maxillary removable prosthesis. The dentist places an incisal stop or index on the anterior teeth to record the vertical dimension at centric condylar position. A centric vertical occlusal recording permits the mounting of the maxillary denture cast and mandibular base plate on an articulator.

After the maxillary cast and mandibular occlusal records are mounted on an articulator, the dentist fabricates the acrylic fin connected to the mandibular base plate in a manner similar to the previous technique. During the next patient appointment, the dentist makes intraoral wax recordings similar to those of the previous procedure. The setting of the posterior teeth, occlusal grind-in procedure, and delivery of final prosthesis are also similar.

For a maxillary RP-4 overdenture opposing natural teeth, one should use mutually protected occlusion or canine guidance. The dentist also may use an FGP concept for this occlusal scheme. However, after processing, the dentist selectively removes occlusal nonworking contacts to eliminate all interferences.

Summary

The maxillary denture becomes a source of complaint when opposing natural teeth or a stable mandibular overdenture. Many removable denture concepts have been developed to make the mandibular prosthesis more stable. After implants are placed in the mandible and attached to a superstructure, the maxillary denture becomes the least retentive and stable member. Methods to improve maxillary denture stability include careful evaluation and treatment of the maxillary soft tissue, ridge HA augmentation and shape enhancement, raising of the posterior occlusal plane in relation to the bone support, and establishing a balanced “medial-positioned lingualized occlusion.” The result is reduced moment forces and improved maxillary denture stability.
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